A. Pichard Abstract. The production of intense beams of light radioactive nuclei can be achieved at the SPIRAL2 facility using intense stable beams accelerated by the driver accelerator and impinging on light targets.
Introduction
A collaboration between GANIL (France), Soreq Nuclear Research Center and Weizmann Institute (Israël) has been formed in order to study the production options for intense Send offprint requests to: F. de Oliveira de Santos, e-mail francois.oliveira@ganil.fr light radioactive ion beams at the future SPIRAL2 [1] facility in the framework of the European FP7 Preparatory Phase of SPIRAL2 [2, 3] . The short-lived (71 s) 14 O beam was identified to be of high interest for future experiments [4] [5] [6] [7] and therefore options for its production have been studied in details. The reaction 12 C( 3 He, n) 14 O was chosen for production because a carbon target is able to sustain a very intense beam of 3 He. However, large discrepancies are observed in the various excitation functions available in the literature [8] [9] [10] [11] . Moreover, above 10 MeV a strong difference appears between the integrated yield deduced from Ref. [11] and a thick target saturation activity measurement [12] . A single measurement using a thick target in order to fully stop the primary beam of 3 He could seem sufficient in order to estimate the yield for SPIRAL2. However, the beam power withstood by a target depends on primary beam intensity and energy. Good knowledge of the excitation function helps to choose the best primary beam energy, considering also beam power. Consequently, we decided to perform a new measurement of this cross section by an activation method. The production rate is deduced from the residual activity of thin carbon foils irradiated by the 3 He primary beam. Special attention has been devoted to the measurement normalisation. Apart from a standard current measurement, we counted the activity of aluminium and cobalt foils irradiated simultaneously by the primary beam. As a matter of fact, excitation functions for 27 Al( 3 He, 2p) 28 Al [13] and 59 Co( 3 He, x) [14] - [20] Then, the target was transported from the irradiation station to the low-background acquisition room via a pneumatic transport system. The detection set-up is shown in figure 2 . The target was placed along the axis of a HPGe detector (53 % relative efficiency at 1.33 MeV). It was shielded with 2 cm of lead and 2 mm of iron in order to Each target counting lasted 300 s. Figure 3 shows a γ-ray spectrum from 35.3 MeV 3 He irradiation. The Co foils were counted until several weeks after irradiation due to the long life-time of some of the elements produced. Their counting rate being consequently lower, the detector was in a lead castle in order to limit the natural background.
The distance between the target and the detector was 5.5
cm. There was no shielding between them. The Germanium counting rate was typically 50 pps.
Data Evaluation
Basic nuclear data and threshold of the contributing reactions are collected in table 1. The 1238 keV 56 Co γ-line was not used because it was strongly contaminated by the room background. The number of incident particles was − The accuracy of the primary beam intensity is estimated to be 5 % from the current measurement device.
It is confirmed by the evaluation of activity generated by the beam in Aluminium foils, see section 4.4.1. calculations. The dotted line shows the cross section from to an underestimation of the preequilibrium contribution using the default parameters of TALYS.
Results

Thick target yield of 14 O
The thick-target yields are obtained by folding the energy loss of the primary beam in the target with the excitation functions of the 12 C( 3 He, n) 14 O reaction. Figure 6 shows a comparison of these yields with the target saturation activities measured by Nozaki and Iwamoto [12] (full dots).
The dashed line is calculated from the excitation function given by Singh [11] . As already mentioned in the introduction, it shows a strong difference with the in-target saturation activities measured by Nozaki and Iwamoto 4.3 Cross-section for the production of 10 C
A by-product of this experiment is the measurement of the 10 C production cross-section. To our knowledge, this is the first report of experimental data for this reaction.
In the energy range used, the reaction mainly contributing to the production is 12 C( 3 He, α+ n) 10 C (see the threshold value in table 1). In figure 7 , they are compared with values given by TENDL-09. The measured cross section is zero for the lowest energies and starts to increase at about 18 MeV. This is due to the fact that the threshold of the 12 C( 3 He,a+n) 10 C reaction is equal to 14 MeV. The cross section reaches about 12 mb at the highest energy; this corresponds to the maximum of the compound nucleus 
Monitor reactions
Special care was taken for the normalisation. For this goal, aluminium and cobalt foils were irradiated simultaneously with the targets to monitor the primary beam intensity.
Aluminium foils
The aluminium foil was the last disk of the target stack. A part of 28 Al produced via 27 Al( 3 He, 2p) 28 Al had enough kinetic energy to escape from the 10 µm-Al disk. This fraction was calculated with the ISOL Catcher utility [27] of the code LISE++. This fraction depends on the primary beam energy. At 34.6 MeV, it represents 23.5 % of 
